Purpose of the paper: 
Introduction
In the current global competition scenario, the manufacturing sector is facing the challenge and the opportunity provided by new technologies, within the Industry 4.0 paradigm, to develop their business models towards a new concept of intelligent factory. Their aim is to bring together three strategic objectives which are often in conflict with each other in "traditional" business models: 1) cost leadership through efficiency and lean processes; 2) differentiation through product innovation including the development of value added services; 3) sustainability through innovation of business model components in order to maintain an advantage over competitors from emerging countries and / or adjacent spaces. New players from other sectors are entering this space as a result of the convergence enabled by digital technologies. Examples from the automotive sector may be found in the large investments in R & D IT made by companies such as Google, Apple and Tesla.
The term "smart factory", used by both industrial practitioners and scholars, has no consistent definition. Other interchangeable terms are: factory of the future, Industry 4.0, factory of things, integrated or smart industry, and smart manufacturing (Radziwon et al., 2014) . Radziwon et al. (2014 Radziwon et al. ( , p. 1187 suggest that a smart factory is "a manufacturing solution that provides such flexible and adaptive production processes that will solve problems arising on a production facility with dynamic and rapidly changing boundary conditions in a world of increasing complexity. This special solution could on the one hand be related to automation, understood as a combination of software, hardware and/or mechanics, which should lead to optimization of manufacturing resulting in reduction of unnecessary labour and waste of resource. On the other hand, it could be seen in a perspective of collaboration between different industrial and nonindustrial partners, where the smartness comes from forming a dynamic organization".
The smart factory is based on the Cyber-Physical Systems concept (a fusion of the physical and virtual worlds), the Internet of Things and the Internet of Services, which will have a disruptive impact on every aspect of manufacturing companies (Almada-Lobo, 2015) . With its emphasis on manufacturing and logistics processes, it can be understood as a subset of the Industrial Internet, which is expanded from a product life-cycle perspective (Hermann, Pentek, and Otto, 2016) Developments in the smart factory production paradigm have tended to be characterised by a mainly bottom-up approach. This usually involves individual companies looking for answers to specific production problems, leading to solutions which are difficult for other companies to replicate. To date, there has been a lack of top down, systemic initiatives to facilitate a large scale redesign of the sector that would make a significant contribution to the creation of value for all those involved.
The smart factory paradigm can be broken down into several themes: (i) systems to enable customized production; (ii) strategies, methods and tools to promote sustainability; (iii) systems for the enhancement of the role of the people in factories (iv) high efficiency production systems; (v) innovative production processes; (vi) production systems that can evolve and adapt; (vii) strategies and management approaches to develop nextgeneration production systems (Industries ratio 4.0., 2014).
There is an increasing focus on this emerging paradigm, which takes the form of initiatives that unite different actors from the world of production but also from other sectors such as telecommunications, the service sector and universities. People and organizations from different backgrounds are coming together in order to develop new propositions for the market, long-term investment plans, reference architecture and a regulatory and legislative framework capable of coping with the new and emerging requirements of technology and production. In Europe, various initiatives exist to support the factory of the future, including, the highly structured and organized German project Industrie 4.0, the United Kingdom's IoT UK, Fabbrica Intelligente in Italy and the European Factory of the Future Research Association which brings investments and initiatives together at a European level. Deutsche Telekom is one of the founders of the Industrie 4.0 platform, which has as its main objectives: -the definition of a reference architecture for the smart factory; -developing the management of complex industrial systems; -the development of broadband as an infrastructure for the industry; -security and data protection; -management of new projects and design of case studies of smart factories; -training and professional development to meet the smart factory's requirements; -the definition of a regulatory framework.
The project is supported by a scientific advisory committee that includes members from the industry, research centers and universities, and the government. Figure 1 provides a summary of the major European smart factory initiatives and shows the extent to which the various European nations are investing in the smart factory paradigm. To this end, a key enabling role could be taken on by telecommunication companies (Telcos) by creating collaborative platforms, communication standards and new value propositions designed to activate, strengthen and facilitate fresh projects and business initiatives. In turn, the Telcos could seize the new opportunities presented by the advent of the smart factory through the adoption of principles suited to this emerging trend.
To take on this dual role as enablers of smart factory experiences and actors at the same time within the new trend, the Telco must review traditional assumptions regarding business models to achieve a more flexible and innovative structure. This article intends to support and inform such a reflection.
The research question we set ourselves is:
"Does smart factory deployment provide additional business model options for adopting firms?" Our hypotheses are: 1. that smart factory deployment will provide additional business models that are currently not accessible; 2. that there is a sequence of business model transformation driven by a. availability of data and; b. ability to create valuable insights. We also set out the objective of investigating if such a research question is applicable to technology partners, with a focus on Telecommunication firms that are involved in the provision of smart factory deployment with an additional sub hypothesis; c. access and rights of use of the data are the main constraint for the telecommunication partner to access new business model options that go beyond extending and defending the existing one. The article is organized as follows: we start with an overview of our methodological approach, followed by a review of the literature in the domain of smart factory and innovative business models. Using the findings of the literature review as lenses, we then review a set of emerging business cases regarding the application of smart factory technologies. We conclude, in the results and discussion section, with the proposition of a framework which aims to enable recipients of smart factory technologies, as well as telecommunication firms, to understand their options in terms of business model choices and evolutions.
Methodology and analysis process
The methodology we selected to carry out the research is qualitative and case-based, leveraging on that of "Building Theory From Case Studies" (Eisendhardt, 1989) . This methodology prescribes a first phase of literature review, to form an initial set of categories, concepts and constructs, followed by "iterative cycles of data-gathering and sense-making, or of action and reflection" (Reason and Goodwin, 1999) , with evidence collected from multiple sources (both theoretical and empirical), including the use of case studies (Yin, 2008; Eisendhardt, 1989) .
This iteration of data collection and sense-making allows the emergence of a conceptual model that is continuously tested against new evidence. In this process, therefore, "slices of data" are continuously contrasted, following a comparative method by searching for elements within the data that support or disprove emerging hypothetical relationships between Smart factory deployment and the availability of additional business model options. We enriched the approach by adopting a multiple-case approach in order to produce more robust and relevant results (Eisendhardt, 1989) . The analysis process was structured as follows: -the smart factory trend was analyzed using the main reports and documents, and grouping them in order to identify key areas of development; -within each area different cases were analyzed with the aim of defining emerging trends and opportunities within that area; -the analysis of current literature was used to define the characteristics of the trajectories of innovative business models that facilitate the development of technology and digital business by creating value and preserving it. The case studies (N = 14) were selected within each area on the basis of their state of development (the project had to already be on the market) and the range of companies involved (min. 1, max. 4).
In order to study the cases, both secondary and primary data were collected and analyzed. This included documents and research reports in 
Framing of outcomes
(comparison of outcomes from multiple-case studies and first round of sense-making through the construction of a directional framework)
Field validation
(Interviews with industry experts to nullify the working hypothesis and further sense-making of the outcomes)
Conclusions
(consolidations of the insights from the field validation and finalisation of the proposed construct) the field of smart factories, plus workshops, focus groups, interviews and meetings which were conducted with the assistance of experts and staff. 
Development of theoretical classification

Tab. 1: Primary (A) and Secondary (B) Sources
Smart factory deployment
Through the review of extant literature (consisting mostly of European and national guidelines, , i.e the 2014 "Industrie 4.0. Smart Manufacturing for the Future", and few existing academic papers, i.e. Hermann, Pentek, and Otto, 2016) it was possible to categorize smart factory technologies into macro groups, (see Figure 3 ) which have been arranged on a Euclidean space using three variables: 1) degree of connectivity of the Production System; 2) level of data gathering automation; 3) level of decision-making automation.
The first variable represents the degree of connectivity of the production system both internally and with its environment (y-axis), which can be defined as low, medium or high, depending on whether the interaction between machines and people in the production system was low (i.e. only few devices are connected) medium (i.e. most internal processes and devices are connected) or high (i.e. all the devices and processes are connected but many external processes and devices from stakeholders are also connected). The second variable is the level of data gathering automation (x-axis), which can be defined as low, medium or high, depending on whether the data gathering is managed by people, partially automated or fully automated. The third variable is the level of decision-making automation (z-axis), which can be defined as low, medium or high depending on the extent to which decisions are automated: low (decisions are mostly made by human interaction), medium (a number of low level decisions are completely made by algorithms), high (major decisions are managed by intelligent systems and humans are there to check for anomalies). Three main areas (PeDr, TeEn, TeDr) have been identified and subsequently investigated using case studies in order to define emerging trends and unexplored (or poorly explored) areas of opportunity for companies.
In the People-driven (PeDr) area, the degree of connectivity with the ecosystem is low, the level of data gathering automation is low, and the level of decision-making automation is low. This area includes solutions, methods and tools for the sustainability of traditional, industrial business models, leveraging on technologies to build cost leadership through lower process variability, defects, and overall higher productivity. In this area, the relationship between people and machines is central, whereas the relationship among machines plays a marginal role. The trends that emerged from the analysis of projects in this area show a growing interest of businesses in relation to the safety and welfare of employees. The creation and sharing of knowledge is central and is carried out through new, smarter and more user-friendly interfaces for humans to interact The developing role of telecommunication firms from technology enablers to strategic players in the smart factory among themselves. Smarter interfaces help individuals to become more efficient and increase their productivity. This may also be an opportunity for players in the telecommunications industry. In the PeDr area, opportunities will require the ability to (1) move from a multinational demand to a multinational offer, facilitating the collaboration of people with different cultural backgrounds and working styles, thus supporting an international working environment; (2) provide tools for the planning of common work, i.e. new operating environments; (3) support the change of decision profiles in the company (from connectivity to data management); (4) increase efficiency, which implies the creation of data without user involvement and of results in new interfaces. The financials support these trends. In 2014, 387 multinational companies created a total turnover of 12.206 billion EUR and provided employment for almost 32 million people. Smart working grew by 51% in Italy and 52% in the world overall. In Italy, only 17% of the companies have appointed a Chief Data Officer and only 13% a Data Scientist. In 2014, there were more than 100 Chief Data Officers in the Information Management Center (IMC) worldwide and the number has doubled since 2012.
In the Technology-enabled (TeEn) area, the degree of connectivity with the ecosystem is medium, the level of data gathering automation is medium or high, and the level of decision-making automation is medium. Technologies and systems for customized production are part of this area. Such solutions include smart objects that can collect data and interact with machines both within the factory and beyond it along the entire value chain. These machines, although capable of collecting data on their own, still do not interact with other machines. A common trait found within the sample of analyzed cases is focus on data as well as its acquisition, management, analysis, and security. Data becomes a crucial asset in the enterprise, although it is still characterized by a lack of common standards and protocols. A great deal of attention is dedicated to the efficiency of solutions in terms of space (delocalized interventions) and time (immediate action). However, there is a main need in this area for the creation of an environment system in which the data can be acquired, standardized, integrated, tested, displayed and interpreted. By starting from the need to identify new patterns through the combination of data that was previously difficult to find or non-existent, the possibility of using data which is derived not only from the reference sector and can also cover other areas becomes extremely interesting.
In the Technology-driven area (TeDr) the degree of connectivity of the ecosystem is high, the level of data gathering automation is high, and the level of decision-making automation is medium or high. Here, the level of collaboration among machines and between machines and people is high. This area concerns high efficiency production systems, innovative production processes and production systems which can adapt and evolve faster. Projects involving the creation of a shared environment belong to this area, where machines become centers for generating, collecting and exchanging data with other machines. Untapped potential is the target, which is reached through the development of innovative production systems that use algorithms and data to support decisions. The most obvious need, for this type of project, is the sharing of complex experiences and the resulting learning outcomes, as businesses and researchers work together at the convergence of industrial automation, robotics, big data analytics and networks. Answering to such need involves replicating the creation, interpretation and interaction of data on multiple machines, using data to improve the machine itself, distributing experience and learning to similar machines within or beyond the factory boundaries etc. Machines are integrated both upstream and downstream and people interact with them inside the factory. Considerable importance is attributed to the need to create common protocols for the management of different data as well as the enabling application software. It is worth noting that over 20% of Internet traffic comes from non-information devices and, by 2020, it is estimated that about 50 million machines will be connected to the Internet (Cisco, 2013).
Business model innovation trajectories
While the issue of innovation has always been primarily linked to products and services, the ability to develop a business model that best exploits the company's unique skills (Anthony, 2012) continues to attract the attention of researchers and practitioners. However, while extensive literature has been devoted to the creation of the company's original business model -see, for example, multiple business models (Brown and Joy 2002), the Canvas model (Osterwalder, 2005) and the Lean Start-up Methodology (Blank, 2012) -not as much attention has been paid to the subject of innovation in business models when a company is mature and must adapt to market changes.
Today, the business model is increasingly seen as a source of innovation, a vehicle for the transformation and renewal of a business (Zott et al., 2011) , an important component of innovation concerning marketing and economic exchanges Amit and Zott, 2008; Magretta, 2002) to be managed in line with an organization, business processes (George and Bock, 2011) and strategy (D'aveni, 2015) , and a key success factor in long-term performance (Chesbrough, 2010; Demil and Lecocq, 2010; Johnson et al., 2008; Sosna et al., 2010) . Business Model Innovation may occur in three ways: (1) the business model can represent a stimulus for innovation (Mitchell and Coles 2003) , introducing new work methods and changing the company's internal operation to increase efficiency without altering the essence of the product or service; (2) it is possible to innovate the business model through technological innovation with a demand pull approach (Baden-Fuller and Haefliger, 2013) that propels the company into new markets with the role of first mover as typically occurs with large companies. Finally, (3) in order to maintain their leadership in the corporate market, companies can develop secondary products or value propositions or they can adapt existing products to different contexts. This kind of "disruptive innovation" often leads to the renewal of a business (Christensen, 1997) , as the business model is reconfigured in order to meet new consumer needs (Teece, 2010) .
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The developing role of telecommunication firms from technology enablers to strategic players in the smart factory Regardless of how innovation in the business model occurs, its structure (Teece, 2010) must enable the company to provide value to all its customers whilst protecting its competitive position. This requires a business model that is flexible enough to allow the company to anticipate problems, identify and exploit opportunities, correct projects which are going astray and respond to social and technological change (Delmar and Shane, 2003) . A model, which can create and defend values, seizing opportunities, adapting and modifying itself, according to market needs. Such a business model cannot be separated from an experimental path (McGrath, 2010 ) that reinforces the idea that companies need not be limited to a single business model; instead, in order to adapt to changing circumstances, they can utilise several models at the same time (BadenFuller and Morgan, 2010).
These observations support the view that defining, modifying and adapting business models is a complex art which requires further theoretical research as well as practical experimentation by business entrepreneurs. In recent years, new business models have emerged in the field of digital technologies to support and protect innovation. Examples of this include the long tail model of Anderson (2006) and the open models of Chesbrough (2006a) . At the same time, new ways of adapting business models to market opportunities have been described and applied (Reeves, Zeng and Venjara, 2015) . Figure 4 represents emerging trajectories of business model innovation. It shows how business model innovation can be achieved from the extension of the sustainability of the existing business model of a firm thanks to the increased availability and quality of data coupled with an increased ability of insight generation.
Fig. 4: Classification of additional business models triggered by digital technologies deployment
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Source: authors' analysis
The extension of the sustainability of the business model takes on the form of improvements in various parts of the business model without fundamentally changing its logic, therefore aiming at enhancing each component with the objective of achieving continuous improvement. Figure 4 also indicates that there are three ways in which new and flexible business models can be developed. These are far more transformational, and impact one or more components of the business model and trigger a wider change.
The first two new options (the product-service model and the platform model) are driven by technology, while the third is linked to a new way of approaching the evolution of the business model (the self-tuning model). The next sections of the paper will be focused on these new options, thus leaving the extension of the existing business model aside.
The product to service model
Technological innovation, which allows the creation of intelligent and interconnected objects or devices, is enabling new business models in which the product becomes a service. The emergence of such products, where connected software and operating systems are integral components, is stimulating new principles of product development and redrawing the functions of the business model.
Such connected products, often offered in a service mode, can collect data on how customers are using them, which allows manufacturers to analyze customer behavior and refine the product to more closely meet their needs. In addition, services that were once offered to complement the product (such as customer care) are now incorporated into the product itself. The management and the life-cycle maintenance of these products become the responsibility of the manufacturer, who carries the costsbut also benefits -of the value placed upon these services by customers. An example of this enhancement of products to incorporate services is represented by the way Xerox went from selling copiers to renting copiers with built-in sensors that facilitate accurate billing and facilitate the timely sale and provision of consumables (Heppelmann and Porter, 2015) . This type of product enhancement strengthens the bond between the company and its customers, who are now not just buying a product but also receiving a service. It also changes the company's value chain, which now includes upstream and/or downstream activities of production, and has implications for its financial structure and customer management (Caution et al., 2014) .
To support a business model of this nature, companies need to have an accurate understanding of how customers use their products. They must learn to monitor not only their use but also customer satisfaction.
Finally, as the product becomes a service, the business model will change as regards costs, the distribution channel and the relationship with the customer. For example, the responsibility for product maintenance and its related costs will be borne by the producer. This has a significant impact, especially in cases where multiple customers share the same product. An example of this is Smoove, a French bike-sharing service that has designed its smart bicycles with features such as drive shafts rather than chains, puncture-resistant tyres and anti-vandal nuts on the wheels to increase reliability and prevent theft (Heppelmann and Porter, 2015) .
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In general, the product-service model drives a profound change at all levels of the business model. Looking at "key activities" component of the business model, new types of activity emerge, linked to the creation, management and maintenance of the product. Even more importantly new professional roles, related to data management like Chief Data Officer, are added. The cost structure and revenue streams change, as data management generates costs and sales generate new revenue. The relationship with customers, which also changes to become continuous and bi-directional, is particularly important. Finally, new customer segments are accessed, benefitting from either enhanced or simplified value propositions.
The platform model
Technologically advanced companies in this area begin to play a dual role. They are not only actors within their industry, providing value propositions to their segments of customers, but also facilitators, enabling other players within the sector to innovate their business model. A number of companies have developed a technology platform which provides not a product but a business support service.
Companies like eBay, IBM, Autodesk, PTC, Materialise, Stratasys and 3D Systems have exploited the value of a platform model that facilitates both their own businesses and connections with other companies, allowing new trends to develop. For these companies, the developing trend is 3D printing (D' Aveni, 2015) .
However, what is less replicable is the creation of an infrastructure that will facilitate the company's business (a) by promoting collaboration among key stakeholders such as suppliers, customers and producers, (b) through the creation of new opportunities by monitoring transactions and recording a high volume of information and data, and (c) by disseminating innovative trends and new technologies within different sectors.
The relationship networks and data that are generated through the platform business model constitute valuable assets for the company. Not only can the information be provided by analyzing millions of transactions drive improvement within the existing business but it can also create new sources of value propositions mediated through the platform's networks. An example of this is the way Amazon decides which products to sell with brand Amazon on its platform. The company, analyzing transactions on its platform, has identified the most sold products and has consequently marked them with its logo.
The Self-Tuning model
The self-tuning model, proposed by Reeves et al. (2015) , is exemplified by Alibaba, a start-up company which has become a dominant player, leveraging the basic principles of algorithms to continuously retune or refine the strategy, organization and business model of the enterprise. In recent years, technological development has brought about important changes not only at the macroeconomic level, but also at the microeconomic level. The convergence of industries has led to the establishment of mixed business models which adapt resources, processes and structures based on the real-time analysis of the behaviors and needs of users by using advanced algorithms. Companies like Google, Netflix and Amazon have become very good at collecting data on the user's habits and desires and, as a result, producing offers which the consumer is likely to find interesting.
Technological solutions can create a sound basis for the definition of business models that continuously evolve to exploit the strategic opportunities presented by the business environment. In this way, vision and business models are no longer fixed axes around which the entire organization is created. Instead, structure, systems, processes and culture keep evolving as a result of the organization's successes and failures. Experimentation and innovation, which are normally focused only on products and services, are also applied to the business model. In this way it becomes possible to monitor, analyze and take action and therefore continuously improve the model by testing it (discovering what works), and adapting it according to the surrounding environment. For example, with new customers the experimental modulation is high and the influence on consumer preferences (i.e., trying not only to understand customer preferences regarding current products, but also to exploit emerging preferences with new products and services).
The table below, based on a review of the literature, summarizes the ways in which digital technologies have enabled the development of innovative business models. The table provides several insights that we believe are particularly interesting for the understanding of this domain and are discussed in the final section of this paper.
Tab. 1: Business models (BM) enabled by digital technologies
Case analysis
Results and discussion
The data synthetized in table 2 provide three major findings, which are represented in figure 5. This representation was built by cross-referencing the pairing of Smart Factory deployment approach with the business model innovation adopted by the recipient firm in each analyzed case.
The first finding is that the adoption of the smart factory technologies can not only foster performance improvements within existing business models, but it can also induce business model innovation. This represents a paradigm shift compared to how digital technologies have been envisioned in the industry over the past decades.
The second finding is that there seems to be a directionality linking the stages of development of smart factory deployment and the types of innovative business model options which are unlocked. In particular, the higher the degree of evolution of smart factory deployment, from PeDr, to TeEn, to TeDr, the more distant business model innovation trajectories are from traditional manufacturing ones, ranging from Product-to-service, to Platform, to Self-Tuning models.
Finally, the study shows that the role of Telecoms as strategic change agents, and consequently their opportunities for a relevant share of new market opportunities, is increasingly unlocked by following the same trajectory of smart factory deployment evolution and business model innovation. In other words, the deeper the smart factory paradigm penetrates the DNA of adopting companies, the more strategic is the potential role of Telcos, and consequently their relevance within the new, disrupted value chain. This represents a unique opportunity for Telcos to invest in the development of know-how, expertise and customer intimacy, which can be seen as one of the (few) available levers to contrast the increasing commoditization of Telcos' core service, i.e. connectivity.
While this study is exploratory in nature and has looked into a comparatively small sample of cases, and therefore cannot claim to have reached a high degree of validity and replicability, it has achieved the initial objective of developing a model of evolution which can trigger more extended studies in order to: -further operationalize both identified dimensions (e.g. smart factory deployment evolution and business model innovation trajectories); -expand the size of the sample of cases to increase the degree of validity, thus potentially complementing the methodology with quantitative surveys to increase statistical significance; -follow a few more relevant cases longitudinally over a longer period of time, adopting Grounded Theory approaches, in order to develop a more granular theoretical understanding of the phenomena under study. 
